Aim-To describe how fetal growth and gestational age aVect infantile colic, while considering other potential risk factors. Study design-A population based follow up study of 2035 healthy singleton infants without any disability born to Danish mothers. Information was collected by self administered questionnaires at 16 and 30 weeks of gestation, at delivery, and 8 months post partum. Infantile colic is defined according to Wessel's criteria, but symptoms are restricted to crying for more than three hours a day, for more than three days a week, and for more than three weeks. Results-The cumulated incidence of infantile colic was 10.9%. Low birth weight babies (< 2500 g) had more than twice the risk (odds ratio = 2.7, 95% confidence interval 1.2 to 6
Infantile colic is a common condition aVecting both parents and the primary health care system. The family often finds it diYcult to cope with the infant's excessive crying or fussing, which has been stated as a reason for violence towards the infant. 1 2 The prevalence of infantile colic varies from 8% to 40%. 3 4 This variation may partly be explained by diVerences in study design and in the definition of infantile colic. Infantile colic is defined by Wessel 5 as paroxysms of irritability, crying, or fussing lasting for more than three hours a day, for more than three days a week, and for more than three weeks. It is a self limiting condition most often starting in the first month of life and ending when the infant is 3-4 months old. Sometimes the symptoms are followed by motor activity, legs drawn up towards the abdomen, distended abdomen, or excessive flatus, but the infants are otherwise healthy and in good condition. 5 No eVective and safe treatment is known, even though the infant may benefit from reduced stimulation or a trial of hypoallergenic formula milk. 6 The long term consequences of colic are sparsely studied, and the results on child temperament and development are contradictory. [7] [8] [9] A small group of infants with early excessive crying may develop a more "persistent mother-infant distress syndrome". 10 Infantile colic is well described, but its aetiology remains unknown, and many somatic and psychosocial risk factors have been suggested. [11] [12] [13] [14] [15] [16] [17] Many studies have examined possible causes: complications during labour, type of feeding and formula, gastrointestinal motility, parent smoking, and psychological factors before and after delivery at the time of onset of symptoms. However, other prenatal factors may also be of importance. A Swedish population based follow up study has shown a higher s-motilin level in infants who later developed infantile colic. S-motilin was increased in cord blood on the first day, and six weeks and 12 weeks post partum, which indicates gastrointestinal involvement before colic appeared. 13 It has been hypothesised that depletion of nutrition during critical stages of organ development influences organ functioning, and impaired fetal growth has been associated with a large number of diseases. 18 Previous studies on birth weight and infantile colic show diverging results, but most have failed to show any association. 9 19-22 These divergences may generally be explained by the lack of adjustment for potential confounders and the possibility of recall bias in studies with retrospective data collection and diVerences in study design. The dual aim of this follow up study is first to describe the association between infantile colic and fetal growth and gestational age, and second to consider other potential risk factors.
Population and methods
All infants delivered at the Aarhus University Hospital in the period May 1991 to February 1992 and still living in the municipality of Aarhus at the age of 8 months were eligible for the study. Twins, infants with a known handicap, infants with an Apgar score below 7, and infants of non-native mothers were excluded. Information on colic was missing for 4%, which left a total of 1955 infants for analysis.
Information on medical and obstetrical history, smoking, alcohol and caVeine intake, and psychosocial factors during pregnancy was collected by self administered questionnaires at 16 and 30 weeks of gestation. Information about the course of delivery and the newborn was provided by the tending midwife using a structured coding sheet. If the infant was without known handicap or chronic illness, data at 8 months corrected age were collected by a self administered questionnaire completed by the parents and a questionnaire completed by the health visitors at the routine visit, which included an examination of the infant. At this time, information about infantile colic was recalled and recorded both by the parents and the health visitor.
The parent questionnaire defined colic as several hours of crying and described the associated symptoms: legs drawn up towards the abdomen, distended abdomen, and excessive flatus. To the health visitor, colic was specified as more than three hours of crying a day, for more than three days in a week, for more than three weeks, or more than 1.5 hours of crying a day in six out of seven days. 23 In this study we used information from the parents (85.2%), and, if this was missing, we used information from the health visitors (14.8%).
The infants were grouped according to birth weight: < 2500, 2500-3499, 3500-4499, and > 4500 g. Gestational age at delivery was estimated by ultrasound scanning in early pregnancy (78%) or from the first day of the last menstrual period (6%). If these data were missing, information about gestational age was obtained from the structured coding sheet completed by the midwife at delivery (15%). Gestational age was categorised into preterm (< 37 completed weeks), term (37-41 completed weeks), and post-term (> 42 completed weeks). Ponderal index was calculated as birth weight (kg) divided by length at birth (m) 3 . It was categorised into quartiles. Small for gestational age was defined as a birth weight below the 10th percentile for gestational age in a reference population. The mothers' smoking habits were categorised as non-smoking, smoking one to nine cigarettes a day, and smoking 10 cigarettes or more a day. In this cohort, it has previously been shown that smoking habits remain essentially unchanged from the 16th gestational week throughout pregnancy and during the first eight months post partum. 24 To obtain as much information as possible on this variable, we therefore used information about smoking at 16 or 30 weeks of gestation (77.5%), and, if such information was missing, we used the data from the questionnaire at eight months post partum (16.8%).
We performed bivariate analyses, stratified analyses, and logistic regression analyses. The logistic regression analyses were performed to control for potential confounding factors. The association between birth weight or gestational age and infantile colic is expressed as an odds ratio (OR) with 95% confidence interval (CI). A two sided p value of less than 0.05 was considered statistically significant. Factors with a biologically plausible influence on infantile colic were considered potential confounders. The following variables were examined: gestational age, sex, maternal age, maternal height, weight before pregnancy, maternal psychological distress during pregnancy, 25 cohabitation, educational level, and maternal smoking habits. These variables were entered into the logistic regression as a number of dummy variables equal to the number of categories minus one. The "change-in-estimate" method caused the variable to remain in the final logistic regression model if the estimated risk of infantile colic changed by more than 10%.
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Results
Of 1955 infants, 214 were reported by their mother or their health visitor to have had infantile colic (10.9%). Table 1 shows the cumulated incidence of infantile colic according to birth weight, gestational age, small for gestational age, and ponderal index. Birth weight, gestational age, and smoking were associated with infantile colic in the bivariate analyses. Of the sociodemographic factors considered, older women were at higher risk of having infants with colic than women aged 25-34. Education, years in school, type of residence, and cohabitation were not associated with infantile colic (data not shown).
After adjustment for gestational age, maternal height, and maternal smoking habits, low birth weight babies had more than twice the risk of being reported as having colic than babies with a birth weight between 3500 and 4499 g (OR = 2.7, 95% CI 1.2 to 6.1). Table 2 shows that exclusion of preterm babies failed to change the association (OR = 3.3, 95% CI 1.3 to 8.5). Tables 3 and 4 show the results of logistic regression analyses for small for gestational age and ponderal index. No association was found between small for gestational age or ponderal index and infantile colic.
Discussion
Infantile colic is a common condition that may be related to low birth weight. We report a risk of infantile colic in infants with a low birth weight that is twice as high as among infants of 2500-3499 g, but we found no association between infantile colic and small for gestational age or ponderal index a birth. This discrepancy could be explained by a higher prevalence of colic in genetically small children than in undernourished children. We tried to diVerentiate between genetically small children and undernourished children by taking into account maternal birth weight in the analyses on birth weight and infantile colic. Missing data on maternal birth weight, however, of about 30% limited the validity of this adjustment, and it was diYcult to conclude whether the results could be explained by genetic factors or undernourishment. Only a few previous studies have focused on intrauterine growth, measured as birth weight corrected for gestational age, and infantile colic. Most previous studies have been univariate. Moreover, most of these studies have excluded low birth weight babies or preterm babies, and they have not reported any association between birth weight or gestational age and infantile colic. 19 27 28 However, in a follow up study of 249 infants, which included lead exposure and child development, infants with colic were born one week early, and their unadjusted mean birth weight was 200 g below that of the control group. This follow up study reported an incidence of infantile colic of 17.1% compared with 10.9% in our study, probably because their definition of colic was more liberal than ours. They defined colic as crying for more than one hour a day, for an average of at least three days a week, for more than one month. 9 Another study including 2773 children consulting a paediatrician showed that mean birth weight was lower in the group with colic than the group without (2226 v 3307 g). 22 A study including 67 127 babies with birth weights between 2346 and 4312 g showed a higher birth weight in children with colic than in children without. This study did not take gestational age into consideration. Its first monthly cumulated incidence of infantile colic was 18.3%. 21 However, information on colic was based on a simple question to the mother of whether the baby had colic.
The onset of colic is apparently related to time since conception rather than time since birth. The crying peak of preterm babies is at a later age than that of infants born at term. 29 We collected data when the infant was about 8 months old to minimise this type of error. One could argue that low birth weight babies are not comparable with the other babies in the cohort because they are often admitted to neonatal care, not only because of severe illness but also because of physiological conditions (feeding diYculties, transient respiratory problems, and icterus). Increased maternal anxiety and separation from the mother may influence the relation between the mother and child as well as the reporting of problems. 30 This type of bias may also be present in our study.
The diverging results in studies of infantile colic may be explained by the lack of adjustment for potential confounders, the possibility of recall bias in studies with retrospective data collection, and the wide variation in the definition of infantile colic. We have strived to avoid misclassification by seeking information about infantile colic from two diVerent sources, parents and health visitors, neither of whom knew the purpose of the study. The interobserver agreement between the mother's and the health visitors' reporting of colic was good, with a coeYcient of 0.7.
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Information about infantile colic was collected up to five months after the symptoms disappeared, which does increase the risk of recall bias, but we doubt that this information is related to birth weight. The parents' information on infantile colic may, however, depend on the infant's actual behaviour at time of recall. The questions on infantile colic included a definition restricted to crying. This has evidently narrowed the definition of colic to the more severe cases, and an incidence of about 11% is in accordance with other studies using a similar definition. 32 Missing data on some of the variables may have introduced a bias. We calculated the cumulated incidence of infantile colic in the group with missing data on the variables included in the logistic regression to see if there were any major diVerences between those with missing values and values not missing. Comparison of the group who did answer the question on infantile colic with the group who did not answer the question showed no diVerences in maternal age, height, or weight, nor did we find any diVerences in mean birth weight or gestational age of the infants. Three sets of logistic regression analyses were performed: one including missing values as a separate category for each variable; another in which infants with missing values were excluded; and a third in which we looked at birth weight and infantile colic in infants for whom data on maternal smoking and height were missing. We found the same associations between low birth weight and infantile colic in these analyses, but, as expected, confidence intervals were wider when those with missing values were excluded. This study would seem not to be flawed by the traditional selection bias that springs from absence of certain data. However, even if all known potential confounders were duly considered, residual confounding may still exist. Future research will be aimed to focus on fetal growth factors and infantile colic in follow up studies in which prenatal data are collected to minimise the risk of confounding.
